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A Study on the Reliability and Shelf-life of Floating HC smoke pot
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Defense Firing Test Center, Defense Agency for Technology and Quaility
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Abstract This study examined a floating smoke pot, KM4A2. When the military conducted landing
operations, a floating smoke pot was a means of concealing troops and supplies. Nevertheless, the
performance of a floating smoke pot cannot be confirmed until it is tested because it cannot be used
after the smoke screen is released. For this reason, ASRP (Ammunition Stockpile Reliability Program) was
performed during the storage period to confirm the reliability of the floating smoke pot. This paper
estimated the reliability and shelf-life of an item through reliability analysis and regression analysis of
major defects and minor defects using ASRP data conducted from '07 to '21. First, the defects were
classified, and reliability was analyzed for each defect. In the next step, a regression analysis was
performed on the changes in smoke emission time and ignition delay time. In conclusion, the
performance of the floating smoke pot may deteriorate from 11 years, and performance deteriorates in
earnest from 16 to 21 years according to the reliability criteria and trends. Regression analysis confirmed
that the smoke emission time standard exceeded the ignition delay time standard, which had little effect

on the storage period. The result of this study can be used in ASRP of similar items.
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Table 1. Specification of floating HC smoke pot

Category Contents
. Approx. O0O.0 /
Weight(ke) OO.0O(smoke agent)
Diameter(mm) ood
Length(mm) 0oo

Smoke agent Hydro chloro ethane zinc mixture
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- n(ti) (1)

Where, R(t) = Reliability at time,

r = number defective

n = sample size
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Where, p = proportion defective
K7 = probability of getting exactly r
defective or failed units in a sample

size of n units
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Table 2. Defect of floating HC smoke pot

Defect type Contents
Floating smoke pot explosion
Critical
Ignition delay time ¢ 3 sec
Misfire
Major Smoke emission time < 600 sec
Stop smoke emission time = 90 sec
Ignition delay time :
Minor 3 < t{12sec t) 22 sec
Smoke emission time » 900 sec
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b= Reliability (%)

Fig. 1. Reliability for defect by storage period
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Table 4. Reliability for major defect by storage

eriod
Table 3. Reliability for defect by storage period P
. 90% 90%
0 S Period | Sample | No. of Reliabilit

Period | Sample | No. of L9OA) Reliability U9OA (years) sizz defect Lower (%) | Upper
(years) size defect ower %) pber CLOY CLOG)
CL(%) CL(%) 11 14 3 58.3 78.6 91.9
11 14 5 43.7 64.3 81.5 12 56 5 84.1 91.1 95.6
12 56 7 79.9 87.5 92.9 16 14 - 84.8 100.0 100.0
16 14 4 50.8 71.4 86.9 21 14 4 50.8 71.4 86.9
21 14 16 0.0 0.0 0.0 22 56 13 68.0 76.8 84.1
22 56 58 0.0 0.0 0.0 23 42 - 94.7 100.0 100.0
23 42 9 68.6 78.6 86.6 25 168 57 61.0 66.1 70.9
25 168 103 33.7 38.7 43.9 26 42 19 43.7 54.8 65.4
26 42 51 0.0 0.0 0.0 27 28 15 33.1 46.4 60.1
27 28 26 1.9 7.1 17.9 28 42 24 32.3 42.9 53.9
28 42 29 21.5 31.0 41.8 30 28 20 17.4 28.6 42.2
30 28 27 0.4 3.6 13.2 34 28 2 82.1 92.9 98.1
34 28 23 8.9 17.9 30.6 35 28 2 82.1 92.9 98.1
35 28 17 26.7 39.3 53.2 36 28 1 86.8 96.4 99.6
36 28 22 11.7 214 34.6 Total 588 165 69.4 71.9 74.3

Total 588 397 30.0 32.5 35.1
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305 Lower CL{%) e Reliability(36) 90% Upper CL{%) i 9055 Lower CL{%) e R liability (%) 90% Upper CL(%)
Fig. 2. Reliability for major defect by storage Fig. 3. Reliability for major defect(misfire, stop
period smoke) by storage period
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ohA] A3l Ao] th&-9] Table 59+ Fig. 4o}, AR (years) size defect CLC%) (%) CLOO)
7F 21~22dojul oJulalZA)7F 6002 u|gto] ¥FAlEla 11 14 2 66.3 85.7 96.1
N - i _}fEL el =e T 12 56 2 908 | 964 | 99.0
£, °ole 20099 B7F F dLEol R 5 79 16 14 4 50.8 714 86.9
hole)2. & QI&] 4= Yukao|x] ko Algro 2 mich 21 14 12 3.9 14.3 33.7
(; ) 2k S 1 | 82 A9 22 56 45 129 | 196 | 281
o & et wEhA AT AWESE o HyFoR 23 ) 9 8.3 78.6 86.6
A E Y &7]7ko Yol F= A% FL Al 25 168 46 67.7 72.6 77.1
F_H‘ 47717k0] 119¥o] H&= AJ-d - 95 1}} o o 5 i 55 v
g 4= QIAIYE, EAH0F eof H= A7 EEE 27 28 11 46.8 60.7 733
L AL o5 oa =T} 2 9 28 42 5 79.0 88.1 94.1
= A 259 T 5 Ak 30 28 7 615 75.0 85.5
34 28 21 14.5 25.0 38.5
C L . . 35 28 15 33.1 46.4 60.1
Table 5. lE){ehziblhty for .m;qor defect(misfire, stop smoke) 36 8 21 145 250 385
Y storage peno Total | 588 232 579 | 605 | 632
Period | Sample | No. of 90% Reliability 90%
(years) size defect Lower (%) Upper
CL®) CL%) 100 e
11 14 3 583 78.6 91.9 Lipperons (107)
12 56 5 84.1 91.1 95.6 R 808 — AN ANy A RON Towes ot o)
16 14 - 84.8 100.0 100.0 £
21 14 2 66.3 85.7 96.1 2
22 56 4 86.2 92.9 98.8 g
23 42 - 94.7 100.0 100.0 £
25 168 57 61.0 66.1 70.9 5
26 42 19 43.7 54.8 65.4 "‘:
27 28 15 33.1 46.4 60.1 1112 16 21 2 23 25 26 27 28 30 34 35 36
28 42 24 32.3 42.9 53.9 Period (Years)
30 28 20 174 | 286 | 422 e
34 8 P 801 92.9 98.1 0% Lower CL(%) eliability(% 90% Upper CL{%)
35 28 2 82.1 92.9 98.1
36 28 1 36.8 06.4 9.6 Fig. 4. Reliability for minor defect by storage
Total 588 154 71.3 73.8 76.2 period
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Table 7. Reliability for minor defect(ignition delay)
by storage period

Period | Sample | No. of 90% Reliability 90%
(years) size defect Lower (%) Upper
CL(%) CL%)

11 14 0 84.8 100.0 100.0
12 56 0 96.0 100.0 100.0
16 14 0 84.8 100.0 100.0
21 14 5 43.7 64.3 81.5
22 56 4 86.2 92.9 96.8
23 42 0 94.7 100.0 100.0
25 168 20 84.2 88.1 91.2
26 42 16 50.8 61.9 72.1
27 28 1 86.8 96.4 99.6
28 42 0 94.7 100.0 100.0
30 28 5 69.4 82.1 91.1
34 28 0 92.1 100.0 100.0
35 28 1 86.8 96.4 99.6
36 28 3 77.7 89.3 96.0
Total 588 55 88.9 90.6 92.2

Table 8. Reliability for minor defect(smoke
emission) by storage period

Period | Sample | No. of 90% Reliability 90%
(years) size defect Lower (%) Upper
CL(%) CL%)

11 14 2 66.3 85.7 96.1
12 56 2 90.8 96.4 99.0
16 14 4 50.8 71.4 86.9
21 14 7 30.5 50.0 69.5
22 56 41 19.1 26.8 35.8
23 42 9 68.3 78.6 86.6
25 168 26 80.3 84.5 88.1
26 42 16 50.8 61.9 72.1
27 28 10 50.4 64.3 76.5
28 42 5 79.0 88.1 94.1
30 28 2 82.1 92.9 98.1
34 28 21 14.5 25.0 38.5
35 28 14 36.5 50.0 63.5
36 28 18 23.5 35.7 49.6
Total 588 177 67.3 (9.9 72.4
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Table 9. Regression analysis result of ignition delay Table 10. Regression analysis result of ignition delay
time time
Category Contents / Impact Category Contents / Impact
Regression Equation y = 0.0925x + 17.059 Regression Equation y = 4.9476x + 756.15
Rejection Area 3.863074 Rejection Area 3.863074
Test Statistic £.617793 Test Statistic 29.547515
Test Result H,
Test Result H, st Tesu !
- - Esti, of shelf-life 29
Esti, of shelf-life 53
45 - X ﬂ: Upperspes Limit ¢ .
Upperlimit &4 . “: Lower spec. Limit @ —@

Middle point ——-

Lowerlimit  @-—@ . .

Smoke emission time (s)

Ignition delay
.
* onl 0o
oo

Storage Period (Years)

Storage Period(Vears)

Fig. 6. Scatter plot of smoke emission time

with storage period

o

Fig. 5. Scatter plot of Ignition delay time with
storage period
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